ABSTRACT The egg industry has transitioned, or is in the process of transitioning, from conventional cages to alternative hen housing systems in response to legal changes in many states across the United States (US). However, consumers find it is increasingly difficult to understand the details behind those labels and specific attributes conveyed. There are multiple hen housing options with a wide range of costs and impacts on hens, workers, and the environment. This research furthers the understanding of US public perceptions and attitudes related to hen housing systems and corresponding animal welfare, worker, economic, and environmental effects. Results reveal that the US public perceives cage-free aviaries as achieving essentially the same positive impact on hen health and stress, hen behavior, and environmental impact as free-range systems when compared to conventional cage systems. The information provided can assist industry, marketing, and policy decisions with respect to hen housing.
INTRODUCTION
Consumers in the United States (US) have increasingly desired information about how their food is produced and what effects those practices have on animal welfare and environmental sustainability (Tonsor et al., 2009; Norwood and Lusk, 2011; Ellison et al., 2017) . High profile legally mandated changes to animal production systems, such as ballot initiatives (e.g., California's Proposition 2; Prevention of Farm Animal Cruelty Act, 2008) and legislation (e.g., Michigan Public Act 0117, 2009 and State of Florida Amendment 10, 2002) , have had the effect of limiting practices for confining egg laying hens. Additionally, a 2010 law passed in California requires any incoming eggs or meat to be produced under the same practice constraints affecting producers across the country that supply California markets (California Assembly Bill 1437 .
Legal avenues are not the only means for mandating agricultural production practice changes. Markets can also facilitate or force change as retailers, grocers, and restaurants move to sourcing from producers who follow a set of pre-determined welfare-related practices. For example, Walmart, Tyson Foods, and Perdue Farms all offer antibiotic-free animal products (Kesmodel et al., 2014) . In 2015, McDonalds announced they would begin using eggs that were produced in cage-free production systems (Strom, 2015) . It has been hypothesized C 2018 Poultry Science Association Inc. Received January 25, 2018. Accepted April 30, 2018. 1 Corresponding author: E-mail: ochsdani@msu.edu other fast food restaurants and ready-made products would follow suit (Strom, 2015) . By the end of April 2016, 14 of the 15 top grocery chains in the US had developed timelines for transitioning entirely to cage-free eggs (Shields et al., 2017) .
Hen housing system requirements to achieve legal or market standards are generally vague-specifying, for example, that hens must be able to spread their wings and turn around without touching each other (Prevention of Farm Animal Cruelty Act, 2008)-there are multiple potential systems that might be adopted to meet these requirements. With a diversity of production practices and market preferences for animal welfare and environmental attributes, it may be difficult for egg producers to assess the situation and make wise adjustments and investments. As Tonsor et al. (2009, p. 713) point out, "given this lack of concrete definitions and the inherent range of public perceptions. . . it is hardly surprising that opinions vary regarding acceptability of current production practices." As a result of this disconnect between consumers and food, purchasing decisions are largely made on the perceived value of an attribute rather than first-hand exposure to production systems.
Although there are many potential hen housing systems, there is no system that dominates when all production, environmental, and welfare aspects are considered. In a 2011 study, Lay et al. found no single superior housing system and concluded the right combination of housing design, breed, rearing conditions, and management was essential to optimize hen welfare and productivity (Lay et al., 2011) . Blatchford et al. (2016) documented tradeoffs between hen housing systems using a 3390 long-term hen housing study conducted by the Coalition for Sustainable Egg Supply (CSES) (CSES, 2015) . Although these reports do an excellent job of documenting the myriad effects of the hen housing systems, there has yet to be a systematic cross referencing of the welfare, environmental, and worker effects with their resulting public perception and preferences. Heng et al. (2013, p. 424 ) conducted a similar survey using descriptions of laying hen activities and also found that "individuals had different perceptions about how various farming practices may affect the hens' welfare." As legislation, public ballot initiatives, and retailer decisions continue to drive agriculture and animal welfare policy, it is critical to align documented welfare conditions with the values perceived by the public and resulting product demand.
Modern, commercial egg production is capital intensive with large facilities which require long-term investments with little salvage value. They are not traditionally designed to be flexible in terms of layout or function. In addition to the investment costs to build an alternative to conventional hen housing, operational costs change if different (more) labor, feed, utilities, and other costs are required to manage the new system. For example, research has found that feed use per dozen eggs is considerably higher in non-cage systems than in conventional cage systems (Sumner et al., 2010) . Further, productivity changes, mortality, and morbidity are affected by the housing system. Cannibalistic behavior and environmental microbial communities are also greater in enhanced cages and cage-free aviary systems compared to conventional cage systems (CSES, 2015) . Eggs laid outside the nest box in cage-free aviary systems lead to more uncollectable, downgraded, or unmarketable eggs (Matthews and Sumner, 2015) . Matthews and Sumner (2015) concluded that, relative to conventional cages, enriched cage systems have 4% higher operating costs (due to higher labor costs) and 13% higher costs when capital costs were included. Cage-free aviaries have 23% higher operating costs due to higher pullet and labor costs as well as 36% higher total costs when capital costs are included relative to conventional cages (Matthews and Sumner, 2015) . Thus, although there may be some hen behavioral benefits from alternative housing systems, there is no "free lunch" here as the cost of production will increase and these systems affect environmental and worker health outcomes.
Because of increased scrutiny of production practices and the potential effect on long-term investment, it is critical that US egg producers be aware of public perceptions. With knowledge of these perceptions and attitudes, egg producers can make informed decisions about production practices used on their farms while enhancing public trust and maintaining their social license. This research assesses US public attitudes and perceptions regarding hen housing systems to provide a benchmark for discussion and monitoring.
MATERIALS AND METHODS

Defining hen housing systems
Choosing the "optimal" or preferred hen housing system is not obvious as there are tradeoffs across many dimensions including productivity, cost, welfare, and environmental impacts with each alternative. As Swanson et al. (2011 Swanson et al. ( , P. 2113 ) point out, "Animal welfare assessment is truly a wicked problem." The authors describe the diversity of animal welfare assessments that can draw from many fields including animal behavior, animal production, physiology, genetics, and veterinary medicine (Swanson et al., 2011) . In another analysis of hen housing systems, Dikmen et al. (2016) described the diversity of findings that exist when it comes to animal welfare and egg production. In their own findings, Dikmen et al. described the trade-offs between systems with no single superior housing type across animal welfare and egg production categories. To ensure an accurate assessment that is balanced across disciplines, we utilized a 4-yr study conducted by the CSES (CSES, 2015) . The hen housing descriptions from CSES are described as follows:
Conventional cage housing: Conventional cage housing has cages housing 4 to 9 hens. The approximate space per hen is 80 square inches. There may be thousands of cages per house, often housing 200,000 hens in each building.
Enriched colony housing: Enriched colony systems house 60 to 250 hens in more open cages that are larger and equipped with perches, nesting areas, and material to facilitate foraging and dust bathing. The approximate space per hen is 116 square inches. These systems can house 100,000 or more hens in each building.
Cage-free aviary housing: Cage-free aviary systems allow hens to roam throughout various sized sections of a building. Each section contains perches, nesting areas, and dust-bathing material. There can be 80,000 or more hens per building. The approximate space per hen is 144 square inches.
Although the CSES evaluated housing systems using many attributes, for this analysis these attributes were summarized in 7 categories to avoid survey fatigue and make the terms more recognizable to the general public. The following 7 summary categories were used: hen health and stress, hen behavior, environmental impact, natural resource use efficiency, worker health and safety, food safety, and egg quality.
Although the CSES did not include free-range housing systems in their study, it was included in our survey. To be considered free-range or free-roaming according to the USDA, "Producers must demonstrate to the Agency that the poultry has been allowed access to the outside" (USDA, 2015) . The American Veterinary Medical Association (AVMA) defines free-range as follows: "the key feature of free-range housing is access to an outdoor area during the day" (AVMA, 2012, p. 3). Given the broadness of this definition and the vast diversity in free-range systems, it was difficult to generalize the precise effects of the free-range system. To summarize the free-range housing system attributes, we utilized a study conducted by the AVMA (AVMA, 2008) . Table 1 describes the specific attributes from both the CSES and AVMA that were aggregated to generate the 7 more general categories utilized in the survey. The CSES scores were used for enriched colony and cage-free aviary, whereas AVMA scores were used for free-range. The CSES measurements used a rating scale from +4 to-4 for each of their attributes, with conventional cage housing as a reference point (score of 0) against which the other housing types are compared. For example, a score of +4 indicated that there was an "exceptionally better" effect of the housing type, relative to conventional housing, for that specific attribute. Similarly, a score of -4 indicated that the housing type performed "exceptionally worse" for that attribute as compared to conventional cage housing. A score of 0 represented no difference between the conventional cage and the housing type in question with regard to the specific attribute of interest. For the free-range housing, the AVMA used a good, medium, and poor scale to score their attributes as opposed to a baseline conventional cage comparison. Those rankings were assigned 0, 1, and -1 to create a net impact by category consistent with the CSES method. Table 2 summarizes the documented impact of shifting from conventional to each of the other housing types based on CSES and AVMA research. For example, in order to compute the net environmental impact of moving from a conventional cage to enriched colony and cage-free aviary (Table 2) , the scores for the following attributes from CSES were summed: ammonia emissions, carbon footprint, indoor air quality, manure management, and particulate matter emissions (Table 1) . In Table 2 , those attributes assigned a negative impact had attribute scores that summed to less than zero, those assigned a positive impact had attribute scores that summed to greater than zero, and those assigned no impact had attribute scores that summed to zero. The same method was used for all attributes and housing types. Those assigned "not applicable" for the change from conventional to free-range were attributes that were not studied or could not be studied given the diversity of free-range operations.
Survey of US public
A nationally representative online survey, developed and programmed by a team of researchers at Michigan State University and Purdue University, was administered over the course of 2 wks in April 2017 to collect information about US public perceptions of hen housing types and laying hen welfare. The survey was anonymous and approved by both Michigan State University and Purdue University Human Research Protection Programs. Survey respondents were contacted through Lightspeed GMI, which maintains an opt-in panel of potential respondents. The survey was hosted using the online platform Qualtrics, and a system of quotas within Qualtrics based on US Census categories were used to facilitate obtaining a representative sample.
After a series of questions about sociodemographics, factors related to purchasing eggs, and general knowledge of egg labeling and egg production, respondents were asked what effects they expected a switch from conventional hen housing to each of the housing types (i.e., enriched colony or cage-free aviary) would have on hen welfare, productivity, behavior, worker health, and environmental attributes. The survey did not provide information about each of the housing types so the responses reflected the existing respondent perceptions. This method reflects the shopping experience where eggs are labeled in regard to the system used but the systems are not described further. Respondents may have been, or believed they were, familiar with the laying hen housing systems. Accurate knowledge is not required to make egg purchasing decisions-or vote on ballot initiatives-but perceptions are crucial to maintaining the social license to produce.
RESULTS
A total of 2813 completed surveys were collected. Table 3 displays summary statistics for the survey respondents and compares them to the US Census. As the table reveals, the sample closely matched the US population with respect to gender, age, income, and region of residence.
The majority of respondents were the primary shopper in the household making their views of egg housing practices particularly relevant for marketing eggs (Table 4) . Eighty-five percent of respondents consumed eggs every week and only 3.5% did not consume eggs. Finally, when asked what the most important reason for not making an egg purchase, only 6.8% of respondents said that it would be due to factors associated with animal welfare whereas the most common reason was price with 42% of respondents (Table 4) .
When asked to self-assess knowledge of egg production practices and egg labels (Table 5) , respondents perceived a greater knowledge of the labels than the production practices, indicating a disconnect between label and production practice in regard to consumer understanding of the housing system they prefer. Given that the average US consumer is exposed to egg labels more frequently than they are exposed to laying hen facilities, this result makes sense. However, in the absence of greater information, consumers may infer positive or negative impacts back to the production system based on their perceived understanding of the label.
When queried about the impact of moving to alternative housing systems from conventional cages, respondents overwhelmingly chose free-range as the superior housing type. The majority described a shift to free-range (from conventional) as having a positive impact on all attributes including cost of production (note: positive impact on cost of production signifies the cost of production is less expensive as that is a positive change from the consumer's perspective) ( Table 6 ). To interpret Table 6 , for example 5.62% of respondents responded that going from conventional to free-range would have a negative impact on hen health and stress. Interestingly, there was little difference between the perceived benefits of shifting from conventional to free-range vs. the perceived benefits of shifting from conventional to cage-free aviary. On average across the 7 categories there was only a 2.7% increase in the number of respondents who indicated a positive impact when shifting to free-range vs. a positive impact when shifting to cage-free aviary. There are 2 possibilities for this result: respondents who perceived a positive impact for cage-free aviary also perceived a positive impact for free-range but with a differential positive impact that was undetectable given the format of the question, or the respondents basically did not differentiate between cage-free aviary and free-range with respect to the factors examined.
Combining the documented impacts (Table 2 ) with the public response (Table 6 ) a very low percentage of respondents correctly identified the true impact of hen housing (Table 7) . Most respondents assumed cage-free aviary and free-range housing systems were superior for all attributes. As a result, the welfare attribute that was most correctly understood was "hen behavior," because it is the lone attribute that was rated as truly superior for those housing types. The negative impacts of those housing types, such as increased cannibalism, higher mortality rates, and lower worker health and safety, are not well understood by the public as indicated by the very low percentage of respondents who were correct in assessing the true impacts of a shift from conventional housing (Table 7) . Swanson et al. (2011) stressed that stakeholder input about sustainable egg supply is a critical component of setting future directions and goals for research, policy, and producer innovation. Stakeholder input is also a critical component for long-term industry investment. The technologies developed and implemented must be in line with the demands of the consumer and public expectations. Policy-makers and industry should work with consumer and public perceptions and preferences rather than imposing production practices, products, or systems. However, it is also critical that the industry work to better inform consumers of the true implications of production practices-in this case hen housing types. In this survey, the discordance between perceived benefits of a housing type and actual benefits of a housing type was clearly exposed. Few survey respondents understood the true implications of shifting hen housing systems. For example, consumers may be quite interested that hen cannibalism is a significantly greater issue in commercial cage-free aviaries than in conventional cages. Consumers may find it acceptable to trade increased environmental impact and inferior worker conditions for greater freedom of movement and access to natural laying hen activities but it should be an informed choice. As indicated by these results, the public has a higher perceived knowledge of labels than production practices. This is a potential indicator of a disconnect between label and production practice in regard to consumer understanding of the housing system they prefer, which may in part explain the discrepancies between expert opinion and public opinion with regard to animal welfare. Although consumers are exposed more often to egg labels than egg production practices, it is the production that dictates the label. In this era of increasing awareness of food production and animal welfare, it is important to close the gap between knowledge of labels and knowledge of the complete set of production methods that result in that label. The only way to effectively align consumer preferences with farm-level production methods is to have labels that are readily understood. If the American public has higher self-assessed knowledge of labels than of production practices, we might expect issues with understanding the animal welfare granted by specific labeling terms.
DISCUSSION
When asking the general public about the tradeoff between environmental impacts of management practices, Heng et al. (2013, p. 425) found that 40% of the public was indifferent while "a greater percentage of respondents incorrectly believed that a management practice that contributes to a higher level of hen welfare also places a lower burden on environment." Similarly, most respondents in this survey predicted positive welfare impacts and positive environmental impacts when shifting from the conventional system to the other forms of housing. Malone and Lusk (2016) found that after the California ban on battery cages the average price paid by Californians rose between $0.48 and $1.08/dozen eggs. The potential remains for other ballot initiatives or legislation across the US to further mandate changes in egg production practices. This is concerning for national food markets because as Tonsor and Wolf (2010, p. 420) point out, "this patchwork of adjustments across the country leads to a range of developing (at least shortrun) comparative advantage disparities across states."
In this survey, respondents indicated price as the most important factor for not making an egg purchase, but also indicated a perceived positive impact of shifting to more expensive forms of hen housing. Conventional cage hen housing is prevalent for many reasons, it is the status quo, hen housing is a long-term investment, and consumers are price conscious, as indicated by survey respondents (Table 4) . However, when confronted with a ballot initiative such as the battery cage ban addressed by Malone and Lusk (2016) , price is removed from the decision process and is replaced by the perceived positive impact on animal welfare of shifting hen housing type. In order to align policy, industry expansion, and consumer values, it is critical that the industry continues to explore true impacts on animal welfare and effectively communicate those impacts to the public.
CONCLUSION
This research revealed that the US public perceives cage-free aviaries as achieving essentially the same positive impact on hen health and stress, hen behavior, environmental impact, and other important attributes as eggs produced in free-range systems. Most respondents did not recognize the potential for a negative impact on worker health and safety and hen health and stress from the transition from conventional cages to alternative housing systems.
